We describe a liquid-chromatographicmethod for simultaneouslydeterminingnorepinephrine, epinephrine,dopamine, and serotoninin 0.5 mL of human plasma. These analytes are purified on boric acid gel from Aldrich, separated on a reversed-phase C18 column, and detected electrochemically at +600 mV. Absolute recoveries of internal standards were 64% for 3,4-dihydroxybenzylamine and 57% for N-methylserotonin. Reproducibility was good to excellent, depending on the concentration of the analytes. A chromatographic run is complete in 40 mm, but this can be shortened by about half when the determination of only serotonin is required, by increasing the column temperature from 40 "C to 60 #{176}C.
including pheochromocytoma, neuroblastoma, essential hypertension, and chronic renal failure, and are commonly performed in many clinical laboratories.2 The concentration of the indoleainine serotonin (5-HT) in plasma may increase in carcinoid syndrome, essential hypertension, and other diseases. Requests for measurement of this marker are increasing.
In our laboratory, we routinely measure the concentrations of catecholamines and 5-LIT in plasma either in separate samples or in the same samples.
Reversed-phase "high-performance" liquid chromatography (LC) with electrochemical detection (EC) is an accepted technique for determining both catecholainines and 5-HT in plasma (1,2). Because of the extremely low concentrations of these analytes in plasma, however, the sample must be extracted before the LCEC analysis. Extraction with alumina, alone or in combination with cation-exchange resin, is commonly used to concentrate and purify the catecholamines from plasma (3, 4). However, such procedures are not only time-consuming but also have relatively low absolute recoveries. The LCEC analysis of plasma 5-HT is usually preceded by liquid-liquid extraction (5).
Boric acid gel has been used successfully in estimating concentrations of catecholamines in urine (6), and we have applied the methodology to the analysis for catecholamines in plasma (7). The method has advantages of simplicity, high absolute recovery, and elimination of DOPA contaminants that are adsorbed onto the alumina. One drawback in our method was that 5-HT was also adsorbed onto boric acid gel and consequently appeared in the chromatogram with a retention time more than twice that of DA. We have now developed a LCEC method to determine simultaneously catecholamines and 5-LIT in plasma by exploiting this otherwise unfavorable property of boric acid gel. We use two internal standards: 3,4-dihydroxybenzylamine (l)HBA) for catecholamines and N-methylserotonin (NMHT) for 5-HT determination (8).
Materials and Methods
Apparatus. We used a Yanaco L-5000 liquid chromatograph (Yanagimoto, Kyoto, Japan) with an EC-100 electrochemical detector (EICOM, Kyoto, Japan) and a 25cm x 0.4 cm (i.d.) reversed-phase column packed with "Yanaco ODSr' (particle size, 10 jzm; Yanagimoto).
Reagents. NE, E, DA, DHBA, 5-HT, and NMHT were obtained from Sigma Chemical Co., St. Louis, MO 63178. Boric acid gels were purchased from Aldrich Chemical Co., Milwaukee, WI 53233, and from Bio-Rad Laboratories, Richmond, CA 94804. Sodium 1-octanesulfonate was also from Aldrich. Acetonitrile ("HPLC" grade), disodium EDTA, and all other chemicals (analytical grade) were obtained from Wako Pure Chemicals, Osaka, Japan.
Standards. We prepared four stock solutions of the standards in 0.1 mollL HC1 at the following concentrations: NE, E, and DA, each 10 mg/L; DHBA, 10 mg/L; 5-lIT, 100 mgfL; and NMHT, 200 mgfL. We stored these solutions at -80 "C. Each day, we prepared two working standard solutions by combining the stock solutions and diluting with 0.1 mol/L HC1. One contained NE, E, and DA, 20 ag/L each, and 5-LIT, 250 g/L; the other contained 20 pg of DHBA and 500 p.g of NMIIT per liter.
Mobile phase. Dissolve in 2.8 L of water 21.0 g of citric acid, 54.0 g of trisodium citrate, 3.65 g of sodium 1-octanesulfonate, and 1.11 g of disodium EDTA. Filter through a 0.22-sm (pore-size) filter, add 165 mL of acetonitrile, and de-gas.This mobile phase is very similar to one reported previously (7) , but the preparation is simplified.
Plasma preparation.
From each subject we collected 10 mL of venous blood into a plastic tube containing crystals of disodium EDTA, after discarding the first several milliliters. Centrifuge the blood specimen immediately (900 x g, 10 mm), then recentrifuge the resulting platelet-rich plasma at 900 x g for 30mm at 4#{176}C (5) . Collect the platelet-poor plasma and store at -80 "C until analysis (within two weeks).
Assay procedure. We slightly modified the procedure of Maruta et al. disodium EDTA, and add 10 L of the NEIEIDA/5-HT working standard. Shake for 10 mm on a shaker, then centrifuge at 10000 x g for 1 mm. Wash the gel with three successive 1-mL portions of water, then elute the catecholamines and 5-LIT by shaking with 100 L of 0.75 moIJL aceticacid for 1 mm. Centrifuge as before, and inject 80 pL of the supernate into the chromatograph. We could re-use the boric acid gel twice after re-activation (7). 
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Calculate results from the ratio of the peak height of unknown sample to that of internal standard, as compared with the peak-height ratio for the standard, which correspondsto 400 ngfL each for NE, E, and DA, and 5 pgfL for 5-
HT.
Chromatographic conditions. The flow rate was 1.5 mL/min, the column temperature 40#{176}C, and the detector potential +600 mV vs an AgIAgCl reference electrode, 2 and 4 nA full-scale. When the determination of only 5-LIT was desired, we increased the column temperature to 60#{176}C.
Results and DIscussIon
Two types of boric acid gels are commercially available: one from Bio-Rad (7) and the other from Aldrich. We first
Bio-Rad
Boric Acid Gel used boric acid gel from Bio-Rad and found that absolute recovery of NMHT was <10%. We next examined boric acid gel from Aldrich and obtained an improved recovery of NMHT (see below) with only slight loss of specificity. Therefore, we adopted the Aldrich gel for use in the present study.
Chromatograms of the standard solution and of a typical plasma sample, both treated with the Aldrich gel, are shown in Figure 1 . A complete chromatographic run takes 40 miii.
When only 5-LIT is to be determined, the run time can be shortened by about half by raising the column temperature from 40#{176}C to 60#{176}C. Standard-addition curves were prepared by analyzing supplemented plasma samples. Mean analytical recoveries of NE, E, DA, and 5-LIT, added at five different concentrations, were 108% (r = 0.998), 110% (r = 0.996), 100% (r = 0.998), and 106% (r = 0.998), respectively. Absolute recoveries (n = 10) of the internal standards were 84% (SD 3.4%) for DHBA and 57% (SD 1.4%) for NMHT.
Lower limits of sensitivity were estimated to be approximately 5 ng/L each for NE, B, and DA, and <0.1 pg/L for 5-HT. Table 1 summarizes results of within-run and betweenrun precision studies. The following metabolites at a concentration corresponding to 20 pg/L of plasma were found not to interfere with the present method: DOPA, DOPAC, 5-hydroxytryptophan, 5-hydroxytryptophol, and 5-hydroxyindole-3-acetic acid. Absolute recoveries of these metabolites were <1%. In conclusion: with the present LCEC method we can measure simultaneously NE, E, DA, and 5-LIT in 0.5 mL of human plasma, with little sample preparation.
